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ABSTRACT 


Two paleosols are described from the Dinantian of South Wales. The Darren- 
felen Geosol consists of a stromatolitic horizon (interpreted as a calcified sub- 
aerial microbial mat) underlain by a thin peloidal horizon (interpreted as a 
calcified moder-type humus formed mainly by microarthropods). Sediments be- 
low the geosol were only weakly pedified and probably represent an immature 
soil of a protorendzina type. The Heatherslade Geosol is a thicker unit with a 
well-developed mull-like humus layer containing the calcified faecal pellets of 
larger soil animals. This paleosol shows evidence of extensive calcretization and is 
interpreted as a rendzina developed during a much longer period of pedogenesis 
than the Darrenfelen Geosol. Both soils are capped by clays with soil carbonates 
interpreted as calcic and petrocalcic horizons: both profiles are thus polycyclic. 
The composition of the two soil biotas is unknown but their products, as seen in 
the humus types and in the biologically influenced calcrete fabrics (including 
fungal cutans), indicates that these geosol communities functioned in similar 
ways to those in present day soils. 


INTRODUCTION 


Relatively little is known of the origins and evolution of the soil ecosystem. It has 
been suggested that prokaryotic communities existed on land perhaps as far back 
as the mid-Precambrian (Golubic and Campbell, 1979). Even though the soil 
ecosystem may have had a 2 Ga history it is not until the Devonian that direct 
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evidence is found. In the Rhynie, Alken, and Gilboa deposits there are diverse, if 
primitive, terrestrial arthropods including mites and springtails (Rolfe, 1985). 
Much more information is known about Upper Carboniferous terrestrial orga- 
nisms and ecology (Scott and Taylor, 1983). Interest in the early soil biotas has 
concentrated on their palaeobiological and evolutionary significance and little 
consideration has been given to the impact such organisms would have had on 
soil processes. 

The aim of this chapter is to describe two early Carboniferous paleosols, 
stressing the biological influence on soil processes. Unlike the examples men- 
tioned above, where recognizable fossil remains are preserved, these Carbonifer- 
ous paleosols lack any body fossils, making the reconstruction of the soil com- 
munity difficult. However, the composition of biotas in these paleosols may be 
inferred from two approaches. First, humus fabrics, preserved by calcification, 
are compared with modern fabrics developed within different soil communities. 
Secondly, ‘calcrete’ fabrics are used to infer biological influences. There is now 
good documentation of the role of soil biota in forming a variety of calcrete 
fabrics such as those preserved in paleosols. Two paleosols are used in this study; 
the Darrenfelen Geosol and the Heatherslade Geosol, both from the Dinantian 
of South Wales. 


THE DARRENFELEN GEOSOL 


The Darrenfelen Geosol occurs within the Llanelly Formation on the northern 
outcrop of the Carboniferous Limestone in South Wales. The Llanelly Forma- 
tion is probably of Arundian age and its detailed geographical and stratigraphical 
setting has been described by Wright (1983). The paleosol was originally called 
the Darrenfelen Pedoderm but is renamed in conformity with the North 
American Stratigraphic Code (1983). A geosol is a stratigraphic term for a pedo- 
genically formed unit. A number of geographically separate profiles occur in the 
Darrenfelen Geosol in the area between Abergavenny and Merthyr Tydfil 
(Wright, 1983). The paleosol occurs in a sequence of peritidal limestones and 
represents one of a number of subaerial exposure surfaces developed in the 
formation. Although thin (only 10-20 cm in thickness) it can be correlated in 
discontinuous strike sections for some 12 km. Within the profiles several horizons 
can be recognized (Figure 17.1). An upper green, silty clay horizon, up to 15cm 
thick, contains small (1-3 cm diameter) carbonate nodules or more continuous 
carbonate layers up to 12 cm thick. These nodules and layers exhibit a variety of 
fabrics such as multiple generations of spar-filled cracks and nodules defined by 
circum-granular cracks. The top of the clay is truncated by the overlying peritidal 
limestone. The clay overlies a discontinuous, laminated horizon, less than 2 cm 
thick. This horizon has a stromatolitic appearance, containing contorted laminae 
with poorly preserved tubular filaments set in a cloudy microspar matrix (Wright, 
1983). Some better preserved, larger, septate filaments with diameters up to 
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FIGURE 17.1. (a) Schematic representation of the Farrenfelen Geosol. (b) The Heather- 
slade Geosol at Miskin near Cardiff. 


80 um also occur (Figure 17.2a). Rhizocretion structures are also found. This 
horizon is underlain by a peloidal unit of variable thickness, of up to 20 cm, witha 
sharp upper contact and a gradational lower contact with the underlying peritidal 
limestones. This peloidal horizon is composed of very well sorted, well rounded, 
spherical to ovoid peloids, 20-50 um in size (average 40 um) (Figure 17.2b). This 
peloidal fabric is variable (Wright 1983, p. 164) but most often forms dense 
masses where peloids are either discrete or welded into dense masses by compac- 
tion. This distinctive peloid population has no counterpart in the associated 
peritidal limestones which contain much larger, irregular, micritized-grain 
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FIGURE 17.2. The Darrenfelen Geosol. (a) Septate filaments from the stromatolitic 

laminae (field of view is 2.2 mm wide). (b) Small peloids (faecal pellets) (field of view is 

I mm wide). (c) Horizontal burrow with small faecal pellets; the matrix consists of 
compacted pellets (field of view is 6mm wide). 


peloids. From a study of several hundred thin sections and peels from the Llanelly 
Formation, these small, well sorted peloids were only found in the Darrenfelen 
Geosol in association with a variety of pedogenic features. Rarely, some large, 
composite pellets were found, up to 5 mm in diameter, similar to those from the 
Heatherslade Geosol (see below). 

This peloidal horizon also contains meniscus and gravitational cements, geo- 
petal crystal silts, and rhizocretions. Numerous spar-filled tubular cavities occur, 
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most of which are horizontal or sub-horizontal. Some form meandering trains 
and can be traced for up to 30 cm horizontally. Most have parallel margins, and 
are often pellet-lined, but others are complex forms with chamber-like termina- 
tions and pellet fills (Figure 17.2c). 


Interpretation 


The nodules and layers in the clay horizon show typical calcrete fabrics and can 
be compared with those developed in calcrete profiles elsewhere in the Llanelly 
Formation (Wright, 1982a). They are interpreted as pedogenic carbonates deve- 
loped in a soil clay and they probably represent a C horizon in a soil profile 
(Figure 17.1). 

The underlying stromatolitic horizon contains rhizocretions, and overlies the 
peloidal horizon with its variety of pedogenic features. This may suggest that it 
also is pedogenic. Stromatolitic calcareous crusts (soil-stone crusts) are a 
common feature on many recent subaerially exposed limestones. However, the 
horizon contains a variety of calcified (algal?) filaments associated with the 
laminae which has led the author to previously interpret the horizon as a sub- 
aerial stromatolite (Wright, 1983). Recent calcified subaerial stromatolites 
have been recorded as having been formed by lichens (Klappa, 1979) and coccoid 
cyanobacteria (Krumbein and Giele, 1979). The presence of calcrete paleosols 
and evaporites in the Llanelly Formation provides evidence of at least semi- 
aridity and in many modern desert and semi-desert areas the ground surface is 
colonized by subaerial microbial mats (desert crusts, cryptogamic earths) which 
contain filamentous cyanobacteria which precipitate calcium carbonate (see 
review in Campbell, 1979). These may be analogous to the stromatolitic horizon. 

The peloids in the underlying horizon are similar to these described from many 
Recent calcrete profiles (e.g. Braithwaite, 1975; Harrison, 1977; Calvet and Julia, 
1983). The peloids are identical in size, shape, and degree of sorting to the faecal 
pellets of smaller soil animals such as mites, springtails, and enchytraeid worms 
(Bal, 1973; de Coninck er al, 1974; Babel, 1975). Such pellets often become 
calcified in modern calcrete (Klappa, 1978; Calvet and Julia, 1983). Similar fab- 
rics, in soils composed of faecal pellets, are called “dropping fabrics’ (Babel, 
1975). Such fabrics, composed of small faecal pellets, are common in rendzina 
soils and are classified as rendzina moder-fabrics (Jongerius and Schelling, 1960; 
Kubiena, 1970; Babel, 1975), or very fine-pelleted humicols (Barratt, 1969). 

The tubular spar-filled cavities in this horizon may represent root-moulds or 
burrows, but those with complex structures (Figure 17.2c) resemble mite burrows 
(pers. comm. D. Macfarlane, British Museum of Natural History, and P. 
Bullock, Soil Survey, Rothamsted). 

The peloidal horizon constitutes an A horizon of a soil, i.e. it is an accumu- 
lation of humified (faecal) organic matter. It directly overlies peritidal limestones 
(C horizon) and therefore constitutes an AC soil. The overlying stromatolitic 
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horizon would constitute a calcified organic horizon (O). The presence of a 
calcareous nodule Cca horizon over the O and A horizons reflects burial of the 
lower profile (OA) by the clay which subsequently underwent pedogenesis. The 
profile is therefore a composite one and is polygenetic or polycyclic in soil termi- 
nology. The lower paleosol, comprising the OA horizons, is thin and developed 
on a calcareous parent material. It lacks a B horizon and has a typical rendzina- 
moder fabric. All these are features characteristic of rendzina soils (Duchaufour, 
1977), close in classification to a regosol. 


THE HEATHERSLADE GEOSOL 


This geosol occurs at a number of localities in South Wales, at the disconformity 
between the Chadian Caswell Bay Oolite and the Caswell Bay Mudstone (of 
probable Arundian age). In Gower in South Wales it occurs as a calcrete crust 
developed on a palaeokarst (Ramsay, this volume, Chapter 14; Wright, 1982b 
and 1984) which was named the Heatherslade Bed by George (1978). It has been 
mainly studied at Miskin, near Cardiff where a thicker profile is developed. 
Geographical and stratigraphical details can be found in Riding and Wright 
(1981). 

At Miskin the base of the profile is highly irregular, with green clay-filled 
fissures cut into the underlying oolitic grainstones of the Caswell Bay Oolite. The 
lower part of the profile consists of rubble up to 1.5 m thick containing darkened, 
rounded oolite clasts up to boulder-size, set in an illitic green clay (Figure 17.1). 
This is laterally equivalent to a peloidal grainstone up to 30 cm thick, also con- 
taining rounded and darkened oolite clasts. The exact relationship of the peloidal 
grainstone to the rubble is unclear but the latter may be filling small (solution?) 
depressions in the top of the Caswell Bay Oolite. Small karstic depressions occur 
at this level in Gower (Wright 1982b). 

The peloidal! horizon contains a spectrum of peloid sizes in a spongy fabric 
(Figure 17.3a). The peloids range from 20 um to 4mm but two distinct popula- 
tions occur. The dominant groundmass, comprising 50-60 per cent of the 
volume, consists of small micritic peloids 20-100 um in diameter (average 40 pm) 
which are very similar to those in the Darrenfelen Geosol. A second population 
consists of well rounded, spherical peloid aggregates, 2—4 mm in diameter. These 
contain smaller peloids, ooids identical to those in the underlying limestone, and 
large amounts of clay flakes. These aggregates have smooth edges and do not 
appear to be simple aggregates of loose, small grains but have undergone con- 
centration and compaction relative to those in the groundmass. Some also have 
crudely laminated outer surfaces. 

The majority of the peloids occur in an open packed, often spongy, grain-supp- 
orted fabric. Locally, the peloids have been compacted into dense masses 
cross-cut by irregular cracks. A variety of spar-filled cavities occur, averaging 
0.5 mm in diameter. More elongate structures also occur with circular or eliptical 
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FiGure 17.3. The Heatherslade Geosol. (a) Peloid fabric showing variety of peloid sizes 

(see also Riding and Wright, 1981, Figure 12) (field of view is 4 mm wide). (b, c) Wispy 

outgrowths from micritic coatings in lithoclasts (arrowed) (field of view is 1.5 mm wide in 
each). 


cross-sections. Many of the peloids and spar-filled cavities have a fine, honey- 
coloured, fibrous cement fringe, 20-26 um wide. Similar crusts occur in cracks 
in the lithoclasts elsewhere in the paleosol. 

The lithoclasts in the clay rubble and those in the pellet horizon contain a 
variety of pedogenic features including rhizocretions with alveolar texture and 
grain coatings (cutans). These grain coatings are from a few to 80 um thick 
(average 20 um). They have irregular thicknesses around the grains (ooids), are 
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not laminated, and have numerous bumps and wispy outgrowths. The out- 
growths are particularly striking and are up to 160 um long with average widths 
of 27 um (Figure 17.3b, c; Figure 17.4). Some outgrowths bifurcate and form 
web-like masses between ooids. Under the scanning electron miscroscope the 
coatings are composed of micrite with rare needle fibre calcite crystals and clay 
flakes. Needle fibre calcite is common in rhizocretions in the Heatherslade Geosol 
in Gower (Wright, 1984). Some lithoclasts contain a variety of cavities filled with 
peloids similar to those in the peloid grainstone. 


Ficure 17.4. Diagram showing the irregular nature of the micritic grain coatings and 
outgrowths. Drawn from photomicrographs. 


The upper part of the profile (Figure 17.1) consists of a dolomitized micritic 
limestone up to 0.5 m thick. It has an erosional top, truncated by the overlying 
peritidal limestones of the Caswell Bay Oolite (Figure 17.3). The limestone con- 
tains darkened oolite clasts and small micritic nodules defined by circum-granu- 
lar spar-filled cracks, as well as other multiple spar-filled cracks, and fine, 
spar-filled tubular cavities. The base is gradational with the underlying clay-rub- 
ble, but where the dolomicrite overlies the peloid grainstone it contains angular 
clasts of the peloid grainstone cemented by micritic matrix. 


Interpretation 


The rubbly horizon is interpreted as a regolith (C horizon, Figure 17.1) and was 
developed on a calcretized oolitic sand. The grain coatings and alveolar textures 
are typical calcrete fabrics (Esteban and Klappa, 1983). The associated peloid 
grainstone contains peloids unlike any in the underlying Caswell Bay Oolite or in 
the overlying Caswell Bay Mudstone. By analogy with modern soil fabrics, this 
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horizon is interpreted as a calcified humus with faecal pellets. There are signifi- 
cant differences from the fabrics in the Darrenfelen Geosol, with a much greater 
variety of pellet sizes and the presence of compound pellets. These larger pellets 
are comparable with those of the larger soil organisms, such as earthworms, 
isopods, or millepedes. However, determining the composition of a soil fauna 
from pellets is a difficult task for several reasons. Pellets are not diagnostic of 
particular organisms for different taxa may produce very similar pellets (Babel, 
1975). Pellet size also varies with the growth of the animal and a given animal can 
produce different pellets depending on its food source (van der Drift, 1964; Bal, 
1970). Drying and calcification can also produce size and shape changes in pel- 
lets. 

The Heatherslade Geosol pellet fabric is analogous to a mull, consisting of 
larger aggregates containing mixtures of organic matter (now calcified) and 
mineral grains (clays and ooids) (Babel, 1975; Duchafour, 1977). The fabric 
would be termed a coarse pelleted mullicol following Barratt (1969). 

The grain coatings with their wispy outgrowths, are a distinctive feature. Cal- 
vet (1982) and Calvet and Julia (1983) have described closely similar irregular 
calcitic coatings on grains from Recent and Pleistocene calcrete profiles in Spain. 
Calvet (1982) showed that such coatings were formed by the collapse and coales- 
cence of calcified fungal hyphae on the surface of grains in the soil. A variety of 
cements and fibrous calcites also contribute to these coatings including needle- 
fibre calcites which also occurs in the Carboniferous coatings. Needle-fibre cal- 
cite has recently been shown to represent calcified fungal hyphae (Callot et al., 
1985). The product is an irregular calcitic coating with branched outgrowths, but 
even in the Recent material much of the fine detail of the ultra-structure is lost by 
early recrystallization and degradation resulting in coatings composed primarily 
of micrite (Calvet and Julia, 1983). 

The pellet horizon and regolith comprise a similar association to that in the 
Darrenfelen Geosol. The pellet horizon represents the A horizon of the lower 
paleosol. The regolith horizon probably accumulated in a solution depression in 
the top of the Caswell Bay Oolite into which residual and wind-blown clays were 
washed. Similar solution breccias have been described from Pleistocene lime- 
stones of Florida by Multer (1977, p. 282). 

The dolomitized horizon is interpreted as a petrocalcic horizon (hardpan cal- 
crete), or K horizon. It contains typical calcrete features such as nodules, crystal- 
laria (including circum-granular forms), and root-tubules. This later horizon, 
part of a second profile, overprinted the underlying A horizon of the earlier soil, 
i.e. the entire profile is also polycyclic. 


DISCUSSION 


These two paleosols have several features in common. Both developed on uncon- 
solidated carbonate sands, have pellet horizons and are capped by calcrete hori- 
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zons. However, there are significant differences. First, the degree of pedogenic 
alteration of the underlying sediment is much greater in the Heatherslade than 
the Darrenfelen Geosol. The top of the Caswell Bay Oolite is heavily calcretized 
and brecciated, whereas the peritidal limestones beneath the Darrenfelen Geosol 
show only light overprinting with minor meniscus cements and thin grain coat- 
ings. The pellet fabrics are quite different in each of the paleosols and the over- 
lying petrocalcic horizon is much better developed in the Heatherslade than 
the Darrenfelen Geosol, although erosion may have removed some of the latter. 

The variations in the pellet fabrics (i.e. the humus type) in the two paleosols is 
the most significant difference. In present day soils a variety of humus types can 
be recognized such as mors, moders and mulls (Duchaufour, 1977). These differ- 
ent humus types are formed under different environmental conditions which 
influence the biota and decomposition of the humus. Moder fabrics form in soil 
with a predominance of microarthropods (mites, springtails, and some insect 
larvae). The result is a fabric dominated by small faecal pellets (in the range 
10-100 um). A fabric succession has been recognized in humus types culminating 
in mulls (Wallwork, 1970), which contain large aggregates (crumbs) consisting of 
organomineral complexes (clays, etc. and organic matter). These fabrics consist 
mainly of the faecal pellets of annelids and myriapods. Thin, immature soils, such 
as young rendzinas, frequently possess moder fabrics and lack the larger soil 
organisms such as earthworms which form the larger soil aggregates. 

Mull fabrics such as those in the Heatherslade Geosol represent more mature 
humus types than moders, with a more diverse fauna usually reflecting a more 
diverse vegetation cover (Wallwork, 1970). As a soil develops the variety of 
niches and organisms increases and this could explain the greater diversity of 
pellet sizes in the Heatherslade Geosol. 

The two paleosols are both Arundian in age and probably developed under 
similar climates. They certainly developed on similar parent materials. The most 
likely cause for the differences in humus type is maturity. The Heatherslade 
Geosol with its thicker, more developed mull fabric could well represent a much 
longer period of pedogenesis than the Darrenfelen Geosol. The thick, heavily 
calcretized regolith in the Heatherslade Geosol also suggests a longer period of 
pedogenesis. Fungal coats on grains are not apparent in the Darrenfelen Geosol 
and data in Calvet (1982) suggests that such coats may develop slowly, again 
indicating more prolonged pedogenesis in the Heatherslade Geosol. The over- 
lying K and Ca horizons in both soils represent separate phases of soil forma- 
tion and are not relevant to this discussion. There is also some circumstantial 
stratigraphic evidence to support this idea. The Heatherslade Geosol occurs at a 
major end-Chadian disconformity in South Wales and can be traced through- 
out the South Wales-south west England carbonate province (Riding and Wright, 
1981). The Darrenfelen Geosol represents a subaerial exposure surface within 
a thin series of cyclic peritidal limestones and is one of a number of paleosols 
in the Llanelly Formation (Wright, 1982a). 


Darrenfelen Geosol Heatherslade Geosol 


Time 
microbial mat, 


stromatolitic crust 
burrows 

mull 
rhizocretions 


moder fabric clay 


peloid sands rhizocretions 


fungal coatings 
on grains 


ooid sand 


FIGURE 17.5. Schematic reconstructions of the Darrenfelen and Heatherslade pedons. Their differences are interpreted as a 
function of time. 


sposoajnd snosafiuogan Ajava omi fo A8ojoIa AYI 


SSE 


356 European Dinantian Environments 


Reconstructions of the two paleosol pedons are shown in Figure 17.5. The 
preservation of these two rendzina profiles is remarkable although equally thin or 
thinner calcrete crust horizons are widely recognized throughout the Lower Car- 
boniferous limestones of Britain. Several factors may explain the preservation of 
the humus types. First both soils were ‘fossilized’ by being buried beneath 
another soil, which in the case of the Heatherslade Geosol, developed into an 
entombing petrocalcic horizon. Many of the features described, such as the faecal 
pellets, rootlet moulds, fungal coats, and microbial mats all are known to be 
readily calcified in present day semi-arid calcareous soils. In calcareous-rich soils 
the microbial decomposition of humus is slowed down by the calcium carbonate 
acting as a stabilizer (Duchaufour, 1977). As a result humus accumulation rates 
are much higher in such soils, enhancing their preservation potential. The pres- 
ence of fine fibrous cements (cutans) around many pellets in the Heatherslade 
Bed, having formed prior to the petrocalcic horizon, may have prevented com- 
paction of the fabric, further contributing to its preservation. 


CONCLUSIONS 


The two Dinantian paleosols described provide an insight into the biological 
processes which operated in early Carboniferous soils. 

They show evidence of primary producers such as the higher plants and 
microbial mats as well as the pellets of probable primary consumers and 
decomposers, that may be the earliest evidence of soil litter feeders (Sherwood- 
Pike and Gray, 1985). The composition of the fauna cannot be determined and 
it must be remembered that there were many, now-extinct, insect groups in the 
Upper Carboniferous (Scott and Taylor, 1983). The humus fabrics, however, 
are strikingly like those produced by mites, springtails and myriapods, which 
are reported in the Devonian (Rolfe, 1985). 

These Dinantian paleosols provide evidence, in part indirect, that humus for- 
mation at this time resulted in comparable fabrics to those in present day soils. In 
addition, the strong similarities between the biologically-influenced calcareous 
soil fabrics of modern soils and those in the Dinantian indicates that similar 
pedogenic processes were operating despite differences in the nature of the plant 
communities. 
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